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TITLE OF THE INj/ENTION 

[0005] METHOD |oF MANUFACTURING INSULATING LAYER AND 
SEMICONDUCTOR DEVICE INCLUDING INSULATING LAYER, AND 

! 
I 

SEMICONDUCTOR DEVICE FORMED THEREBY 

5 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0010] This is a Cbntinuation-in-Part (CIP) of U.S. patent application Serial No. 
09/800,892, filed Inarch 8, 2001 , and entitled "INSULATING LAYER, 
SEMICONDUCTOR DEVICE AND METHODS FOR FABRICATING THE SAME", 
io the contents of whjch are herein incorporated by reference in their entirety. 
[0015] In addition j a claim of priority has been made to Korean Patent 
Application Nos. 2{)00-32893 and 2001-21067, filed June 15, 2000 and April 19, 
2001 , respectively) the contents of which are herein incorporated by reference in 
their entirety. 

15 

BACKGROUND o|f THE INVENTION 

1 . Field of the Invention 

[0020] The preseijit invention generally relates to semiconductor devices and to 
insulating layers o\ semiconductor devices, and more particularly, the present 

i 
i 

20 invention relates tcj the formation of insulating layers, such as 
borophosphosilicaje (BPSG) layers. 

2. Description of trje Related Art 

[0025] Insulating ind conductive layer fabricating techniques, utilized during 
manufacture of a semiconductor device, can largely be classified into two areas 

1 



SEC.898 

physical vapor deposition and chemical vapor deposition. In the case of 
chemical vapor deposition (CVD), a gas source, that includes an element of an 

i 

object material to bf formed, and a reaction gas are supplied onto a substrate, 
and then the substrjate is heated to initiate a chemical reaction to form a target 
layer on the substr4te. 

[0030] The CVD prjocess characteristics used to form the layer affect not just the 
target layer, but ats|o the previously formed underlying layer and any subsequent 
upper layers to be formed. Therefore, when forming the target layer, the chemical 
and physical characteristics should be sufficiently considered in view of both the 
process characteristics of the underlying layer and the upper layer to be formed. 

t 

[0035] A phosphosjilicate glass (PSG) layer obtained by doping phosphorus into 
an oxide material, & a borophosphosilicate glass (BPSG) layer obtained by 
doping boron and phosphorus into an oxide material, are the primary layer types 
used as an insulating layer to protect a surface or to electrically isolate a 

j 

conductive layer. t nis is mainly due to the excellent step coverage of these 
layers. Also, PSG ^nd BPSG layers generate alkali ions while reacting as a 
diffusion wall agairjst humidity, and the processes for forming the layers can be 
easily performed ir} a low temperature regime. 

[0040] However, t|here is a disadvantage to using the PSG and BPSG layers. 
Since these layers) exhibit fluidity and act as a diffusion wall during a reflow 
process, the layer^ also operate as an intermediary to transmit the humidity to the 
underlying layers. | Accordingly, in a case where a layer is composed of a material 
that can be damaged by humidity, or where a substrate is made of silicon, the 
transfer of humidity may cause a serious problem. Therefore, a method to 
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minimize the influence of the humidity has to be fully considered when the PSG or 
BPSG layers are i>e\ng formed. 

[0045] Examplesjof methods of forming PSG and BPSG insulating layers for 
minimizing the influence of the humidity are disclosed in U.S. Patent No. 
5 4,668,973 (issued! to Dawson et al.), Japanese Patent Laid-Open No. Sho 59- 
222945, Japanese Patent Laid-Open No. Hei 1-122139 and Japanese Patent 
Laid-Open No. He|i 8-17926. 

[0050] In U.S. Parent No. 4,668,973, the PSG layer is formed by adding 7% or 
less of phosphoru^ on a silicon nitride layer after forming the silicon nitride layer 
10 on the substrate. jAccordingly, the silicon nitride layer prevents the humidity from 

i 

penetrating into thle substrate even though the PSG layer has been reflowed. 
Furthermore, ever] if a window is formed at the PSG layer, the substrate may be 
prevented from baling oxidized because the substrate is not directly exposed by 
means of the silicon nitride layer. 
15 [0055] In Japanese Patent Laid-Open No. Sho 59-222945, a silicon nitride layer 
is formed on a substrate and then a BPSG layer is formed on the silicon nitride 

i 

layer. The silicon rjiitride layer prevents the humidity from penetrating into the 

! 

substrate even whjere the BPSG layer has been reflowed. Therefore, oxidation of 
the substrate by djrect exposure is prevented. 
20 [0060] In Japanese Patent Laid-Open No. Hei 1-122139, a silicon nitride layer is 
successively formed on the substrate and a gate electrode and thereafter a PSG 
layer containing b<|)ron is formed. The silicon nitride layer acts to prevent humidity 

i 

from penetrating irjito the substrate or the gate electrode even where the PSG 
layer has been reflowed. 
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[0065] Jn Japanese Patent Laid-Open No. Hei 8-17926, a silicon oxide layer is 
formed onto a poiysilicon layer and then the BPSG layer is formed onto the silicon 
oxide layer. Therefore, the silicon oxide layer prevents the humidity from 
penetrating into the polysilicon layer or the substrate even if the BPSG layer has 
5 been reflowed. 

[0070] In this way, when the PSG layer or BPSG layer is formed, the effect of the 

: 

humidity can be rrjinimized by means of forming the PSG layer or BPSG layer on 
the underlying silicon nitride layer. Also, the silicon nitride layer prevents the 
underlying layer ojr the substrate from being damaged by means of etching, for 
10 example, when a jDortion of the insulating layer is patterned and etched to form a 
window. 

[0075] When fabricating semiconductor devices having elevated regions and 

i 

recessed regions Composed of minute windows or gate electrodes, one must 
consider the needjto sufficiently flow and/or fill the BPSG insulating layer into 
is and/or up the recessed regions of the windows or the gate electrodes. Therefore, 

a chemical vapor Reposition using a tetraethylorthosilicate (TEOS), a 

_ i 

triethylborate (TE$), a triethylphosphate (TEPO), an oxygen gas, and an ozone 
gas is employed t<j> form the BPSG layer. 

[0080] As described above, first the silicon nitride layer is formed and then the 
20 BPSG layer is forrjied, in order to prevent the damage due to the penetration of 
the humidity and the etching and to obtain a sufficient filling characteristic. 
[0085] The BPSCj layer is formed as follows. First, an oxidizing atmosphere for 
easily forming the|BPSG layer is prepared using an oxygen gas. After forming a 
first seed layer on{o a silicon nitride etch stop layer using TEOS and oxygen gas, 

4 
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a second, seed layer is formed onto the first seed layer using TEB, TEPO, TEOS 
and oxygen gas. The constituents of the first and second seed layers determine 
the amount of boroiti and phosphorus added into the BPSG layer. Subsequently, 
the BPSG layer is farmed onto the etch stop layer including the first and the 

i 

5 second seed layers) by using TEB, TEPO, TEOS and ozone gas. At this time, the 
BPSG layer is formed with a relatively large amount of phosphorus because 
TEPO is used to fofm the second seed layer. 

[0090] The BPSG )ayer is then reflowed utilizing nitrogen gas to planarize the 
surface of the BPSjj layer, as well as attempt to sufficiently fill the recessed 
10 regions with this BPSG insulating layer among the elevated regions and recessed 
regions. 

[0095] However, if. the BPSG layer does not have sufficient fluidity during this 
reflow process withj nitrogen, the BPSG layer will not sufficiently flow and/or fill 
into and/or up the rjecessed regions of the windows or the gate electrodes, and 
15 accordingly, voids [ire generated. Therefore, an oxygen gas and a hydrogen gas 
are sometimes usejd instead of the nitrogen gas to reflow the BPSG layer to 
minimize the generation of the voids. 

[0100] However, vji/hen the BPSG layer has been reflowed with the oxygen gas 
and the hydrogen pas, the thickness of the etch stop layer under the BPSG layer 
20 is decreased. Thi4 is because phosphoric acid H 3 P0 4 is generated by a chemical 
reaction between the triethylphosphate (TEPO), which determines the amount of 
phosphorus in thejlayer, and the oxygen gas and the hydrogen gas, and the 
phosphoric acid etches the etch stop layer while the reflowing is being performed. 



5 
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[0105] ,, Based orj a transmission electron microscope (TEM) analysis of the etch 
stop layer before|and after the reflow process, it was found that the thickness of 
the etch stop layer decreased by about 30% after reflowing the BPSG layer using 

i 

oxygen and hydrogen gases. Also, based on an auger electron spectroscopy 
5 (AES) analysis, itjwas found that the oxidized materials composing the etch stop 
layer after reflowijig were increased about 0.2 times more than before reflowing. 
Thus, it is confirmed that the thickness of the etch stop layer is decreased by the 

reflowing processj and the oxidization progresses thereby. 

i 

[0110] Accordingly, the etch stop layer is unable to appropriately control the 
10 etching process vjhen the BPSG layer is etched to form a BPSG layer pattern 
having a window ^fter the reflowing. Consequently, the substrate under the etch 
stop layer is exposed, or even the substrate itself is etched. In a semiconductor 
device fabricating) process which requires a fine pattern such as a self-aligned 
contact, the decrejase in thickness of the etch stop layer precludes attaining a 
is sufficient shoulder margin between the gate electrodes. 

i 

[0115] In contrast, even when using a BPSG layer containing a relatively large 

amount of boron, father than the PSG layer containing a relatively large amount 

i 

of phosphorus, th^ BPSG layer is not filled into the recessed regions and voids 
are created because the BPSG layer does not. have sufficient fluidity. Also, since 
20 the BPSG layer his an isotropic etch characteristic, the etched window that is 
formed is larger thjan a predetermined critical dimension CD. Therefore, in the 
subsequent procejss for filling up the window, the window is not sufficiently filled 
up and a void is generated. This is because the window is formed to have a size 
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larger than the predetermined CD, however, the filling of the window is 
implemented witrj the CD as a reference. 

[0120] As described above, since the amount of phosphorus and boron added to 
the BPSG layer i$ not controlled, the thickness of the underlying etch stop layer 
5 decreases, or the! etch stop layer has the isotropic etch characteristic, whereby 
the reliability of thje semiconductor device fabricating method is reduced. 
[0125] A patent Application describing a method of manufacturing a BPSG layer, 

i 

having substantially no characteristic change by precisely controlling the amount 
of phosphorus anji boron, was filed in the U.S. Patent Office by certain of the 

10 present inventors j(and having a common assignee) on March 8, 2001 as Serial 
No. 09/800,892, sjnd entitled "INSULATING LAYER, SEMICONDUCTOR 
DEVICE AND METHODS FOR FABRICATING THE SAME". 
[0130] According to the method disclosed in the '892 patent application, even 
though the BPSG layer is reflowed by utilizing a hydrogen gas and an oxygen. 

15 gas, the decreasq of the thickness of an etch stop layer is minimized and a 

i 

sufficient filling effect and anisotropic etch characteristic can be accomplished by 
appropriately controlling the amount of phosphorus and boron in the BPSG layer. 
[0135] FIG. 1 is aj graph illustrating experimental BPSG layers having common 
elements manufactured by like, but discrete, apparatuses. Except for one 
20 instance, the thickness decreases of the etch stop layers range from about 35 A 
to about 45 A, aft4r implementing the reflowing of the BPSG layer. Efforts are 
now being expended to further increase the reproducibility of the decrease of the 
thickness of the etjch stop layer across like, but discrete, apparatuses for 
implementing the Chemical vapor deposition process. 
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SUMMARY OF l|HE INVENTION 

[0140] In light ofjthe above, it is therefore an object of the present invention to 
provide a method of manufacturing an insulating layer having substantially the 
5 same characteristics, regardless of the particular apparatus used to manufacture 
the insulating lay£r. 

[0145] Another cjbject of the present invention is to provide a semiconductor 
device and a method of manufacturing the semiconductor device including an 
insulating layer having substantially the same characteristics that affect an 

10 underlying layer, Regardless of the particular apparatus used to manufacture the 

i 

insulating layer. 

[0150] To accomplish these and other objects, the present invention provides a 
method of manufacturing an insulating layer including first creating a process 
atmosphere in a cjhamber and then forming a fluidal insulating layer on a 
15 substrate within trie chamber. 

t 

[0155] The procejss atmosphere is created by (a) flowing an oxidizing gas at an 

j 

oxidizing gas flowjrate for forming an oxidizing atmosphere, (b) flowing a first 

carrier gas at a fir^t carrier gas flow rate, and (c) flowing a second carrier gas at a 

i 

second carrier gai flow rate, the second carrier gas flow rate being greater than 
20 the first carrier ga$ flow rate. 

[0160] The fluidal insulating layer is formed on the substrate positioned in the 
chamber by (d) flqWing the oxidizing gas at the oxidizing gas flow rate, (e) flowing 
the first carrier ga$ at the first carrier gas flow rate while carrying a first impurity 
including boron fldwing at a first impurity flow rate, (f) flowing the second carrier 

8 
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gas at the secondj carrier gas flow rate while carrying a second impurity including 
phosphorus flowing at a second impurity flow rate, the second carrier gas flow 
rate being greater|than the first carrier gas flow rate, and (g) flowing a silicon 
source material atja silicon source flow rate. 

5 [0165] The oxidizing gas is one selected from a group consisting of oxygen gas, 
ozone gas and a fixture thereof, the first carrier gas is a nitrogen gas, the second 
carrier gas is a he|ium gas, the silicon source material is tetraethylorthosilicate 
(TEOS), the first impurity is one selected from a group consisting of triethylborate 
(TEB), trimethylbojrate (TMB), and a mixture thereof, and the second impurity is 

10 one selected fromja group consisting of triethylphosphate (TEPO), 
trimethylphosphat£ (TMPO) and a mixture thereof. 

[0170] For the process atmosphere, the ratio of the oxidizing gas flow rate, the 
first carrier gas floW rate, and the second carrier gas flow rate is about 1 .00 - 
2.50 : 0.70 - 0.95 ; 1, and preferably the second carrier gas flow rate is at least 
15 4,000 seem. 

[0175] For the flujdal insulating layer, the ratio of the oxidizing gas flow rate, the 

i 

first carrier gas floj/v rate, the second carrier gas flow rate, the silicon source flow 
rate, the first impunity flow rate, and the second impurity flow rate is about 2.00 - 
2.50 : 0.70 - 0.95 j 1 : 0.15 - 0.25 : 0.040 - 0.045 : 0.013 - 0.014, and preferably 
20 the second carrierjgas flow rate is at least 4,000 seem. The fluidal insulating layer 
may be reflowed sjfter the forming thereof. 

[0180] An etch st^p layer may be formed on the substrate prior to forming the 

i 

fluidal insulating l^yer, and an undoped fluidal insulating layer may be interposed 
between the etch fetop layer and the fluidal insulating layer. 

9 
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[0185] For the urtdoped fluidal insulating layer, a ratio of the oxidizing gas flow 
rate, the first carri|er gas flow rate, the second carrier gas flow rate, and the silicon 
source flow rate i$ about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25, and preferably 
the second carrier gas flow rate is at least 4,000 seem. 
5 [0190] In another aspect, the present invention provides a semiconductor device 
including a substr&te having a gate electrode formed at an upper portion of the 
substrate, and a source and a drain formed at a lower portion of both sides of the 
gate electrode. 

[0195] An insulating layer is continuously formed on the substrate and the gate 
io electrode, the insulating layer being formed by (a) flowing the oxidizing gas at the 
oxidizing gas flowrate, (b) flowing the first carrier gas at the first carrier gas flow 
rate while carrying a first impurity including boron flowing at a first impurity flow 
rate, (c) flowing thje second carrier gas at the second carrier gas flow rate while 
carrying a second: impurity including phosphorus flowing at a second impurity flow 
15 rate, and (d) flowing a silicon source material at a silicon source flow rate. 

[0200] For the insulating layer composition, a ratio of the oxidizing gas flow rate, 
the first carrier gas flow rate, the second carrier gas flow rate, the silicon source 
flow rate, the first impurity flow rate, and the second impurity flow rate is about 
2.00-2.50 : 0.70 + 0.95 : 1 : 0.15-0.25 : 0.040-0.045 : 0.013-0.014, and 
20 wherein a flow rat£ of the second carrier gas is preferably at least 4,000 seem. 
[0205] The oxidizjng gas is one selected from a group consisting of oxygen gas, 
ozone gas and a mixture thereof, the first carrier gas is a nitrogen gas, the second 
carrier gas is a hefium gas, the silicon source material is tetraethylorthosilicate 
(TEOS), the first irppurity is one selected from a group consisting of triethylborate 
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(TEB), trimethylbofate (TMB), and a mixture thereof, and the second impurity is 
one selected from a group consisting of triethylphosphate (TEPO), 
trimethylphosphate (TMPO) and a mixture thereof. 

[0210] The semiconductor device may also have an etch stop layer formed on 
5 the substrate and which underlies the insulating layer. In addition, the 

semiconductor deyice may further include an undoped insulating layer interposed 
between the etch $top layer and the insulating layer. 

[0215] For the unhoped insulating layer composition, the ratio of the oxidizing 
gas flow rate, the first carrier gas flow rate, the second carrier gas flow rate, and 

10 the silicon source flow rate is about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25. 
[0220] According to the present invention, the characteristics of the insulating 
layer can be reproduced with great certainty, across a plurality of like 
apparatuses. Moreover, the insulating layer can be employed when implementing 
a self aligned contact process and when forming a fine pattern with a design rule 

15 of 0.15 pm or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0225] The above objects and advantages of the present invention will become 
more apparent by describing preferred embodiments in detail with reference to 
20 the attached drawings in which: 

[0230] FIG. 1 is a graph illustrating the decrease of the thickness of an etch stop 
layer after reflowing a BPSG layer manufactured by a conventional method; 
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{0235], FIGS. 2A\ 2B and 2C are cross-sectional views of a method of 
manufacturing an insulating layer according to a first embodiment of the present 
invention; 

[0240] FIG. 3 is a side cutaway view of an apparatus for manufacturing an 
insulating layer according to a first embodiment of the present invention; 
[0245] FIG. 4 is a schematic diagram of a mixing process of reactant gases in the 
apparatus illustrated in FIG. 3; 

[0250] FIG. 5 is a graph classifying processing gases and materials provided for 
the manufacture of an insulating layer according to a first embodiment of the 
present invention; 

[0255] FIGS. 6A through 6D are cross-sectional views of a method of 
manufacturing an insulating layer according to a second embodiment of the 
present invention; 

[0260] FIG. 7 is a graph classifying processing gases and materials provided for 
the manufacture of an insulating layer according to a second embodiment of the 
present invention; 

[0265] FIGS. 8A (through 8D are cross-sectional views of a method of 
manufacturing anlinsulating layer according to a third embodiment of the present 
invention; 

[0270] FIGS. 9 and 10 are graphs illustrating the thickness decrease of an etch 

stop layer according to a flow rate of a carrier gas; 

[0275] FIGS. 11A; through 1 1 E are cross-sectional views of a method of 

manufacturing an linsulating layer according to a fourth embodiment of the present 

invention; 

12 
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[0280] FIGS. 12Athrough 12E are cross-sectional views of a method of 
manufacturing a semiconductor device according to a fifth embodiment of the 
present invention; and 

[0285] FIG. 13 is e cross-sectional view of a semiconductor device manufactured 
5 by a sixth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0290] Hereinafter, the present invention will be described more fully with 
reference to the accompanying drawings, in which non-limiting preferred 

10 embodiments of the present invention are shown by way of example. 

[0295] FIGS. 2A, 2B and 2C are cross-sectional views for explaining a method of 
manufacturing an insulating layer according to a first embodiment of the present 
invention. In general, in FIG. 2A, a silicon substrate 20 is provided. A BPSG 
layer is then formqd on the substrate 20, as a fluidal insulating layer 22, as shown 

15 in FIG. 2B. In FI0. 2C, the BPSG layer 22 is reflowed at a high temperature 
while supplying an oxygen gas and a hydrogen gas to planarize the surface and 
form a planarized BPSG layer 22a. A detailed description of the insulating layer 
and process characteristics will be set forth later. 

[0300] FIG. 3 is a, side cutaway view of an apparatus for manufacturing an 
20 insulating layer acpording to the first embodiment of the present invention. 
[0305] Referring to FIG. 3, a process chamber 30 contains a stage 200 that 
supports the substrate 20. Within the stage 200, heating elements (not shown) 
are provided to hejat the substrate 20 during the formation of the insulating layer. 
In addition, conventional lifting elements communicate with the stage 200 to move 
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the substrate 20 upward and downward during the formation of the insulating 
layer. Since the g|ap between the substrate and the process gases affects the 
uniformity of the insulating layer 22, the up and down positioning of the substrate 
20 is precisely controlled for each process step. 

5 [0310] Gas supply lines 210a and 210b supply reacting gases for each process 
step, and a gas mixing chamber 220 is provided at the end of the gas supply lines 
210a and 210b for mixing the reacting gases supplied therethrough. 
[0315] FIG. 4 is a< schematic view of a reactant gas mixing chamber 220 as 
illustrated in FIG. $. Referring to FIG. 4, the gas mixing chamber 220 is 

10 connected to the gas supply lines 210a and 210b. The reacting gases are first 
supplied to the ga$ mixing chamber 220 and are mixed within the gas mixing 
chamber 220, andl thereafter are supplied into the process chamber 30. 
[0320] Referring back to FIG. 3, a plate 230 is installed for uniformly supplying 
the reacting gases provided from the gas mixing chamber 220 onto the substrate 

15 20 in the process Chamber 30. The plate 230 contains vias or holes for uniformly 
providing the mixe|d gases onto the substrate 20 through the holes. 
[0325] The method of manufacturing the insulating layer 22 utilizing the 
deposition apparatus of FIG. 3 will now be described in greater detail. In addition, 
the diagram of FIQ. 5 illustrates the processing gases and materials provided 

20 during the manufacture of an insulating layer according to the first embodiment of 
the present invention. 

[0330] Referring to FIG. 3 and FIG. 5, the substrate 20 is positioned in the 
process chamber 30. Then, a mixed gas containing an oxygen gas having a flow 
rate of about 4,500 seem, a nitrogen gas having a flow rate of about 3,000 seem, 
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and a helium gas paving a flow rate of about 4,000 seem, is provided into the 
process chamber 30, to create or form a gaseous atmosphere in the process 
chamber 30. In other words, a ratio of the oxygen gas flow rate, the nitrogen gas 
flow rate, and the helium gas flow rate is about 1 .00 - 2.50 : 0.70 - 0.95 : 1 , with 
5 the helium gas flow rate being preferably 4,000 seem. 

[0335] The distance between the stage 200 on which the substrate 20 is 
positioned and the. plate 230 is maintained at about 500 mils (1 mil = 25 [im) 
during this procesg. The formation of the gaseous atmosphere is a first step 
toward ensuring thje uniformity of the fluidal insulating layer 22 to be formed on 
10 the substrate 20. 

[0340] This step of forming the gaseous atmosphere is controlled for a period of 
time preferably not exceeding five seconds. If the formation of the gaseous 
atmosphere progresses in excess of the given period of time (e.g., in excess of 
fiye seconds), a prbcess error may be deemed to have occurred. 
15 [0345] After forming the gaseous atmosphere, the flow rate of the oxygen gas is 
increased to about 9,500 seem, while the flow rates of the nitrogen gas (about 
3,000 seem) and the helium gas (about 4,000 seem) remain the same, and these 
gases are all are provided into the process chamber 30 via the mixing chamber 
220. In other words, a ratio of the oxygen gas flow rate, the nitrogen gas flow rate 
20 and the helium ga$ flow rate is about 2.00 - 2.50 : 0.70 - 0.95 : 1, with the helium 
gas flow rate being preferably 4,000 seem. 

[0350] A processing pressure atmosphere is then formed in the process chamber 
30 by utilizing a pgmping apparatus (not shown) connected with the process 
chamber 30. This step of forming the pressurized atmosphere in the process 
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chamber 30 is corttrolled for a period of time at a predetermined pressure. The 
maximum control time is sixty seconds and the minimum pressure is 160Torr. If 
the formation of the pressurized atmosphere in the process chamber 30 
progresses beyond 60 seconds or dips below 160Torr, a process error is deemed 
to have occurred. The distance between the stage 200 on which the substrate 20 
is positioned and the plate 230 is kept to about 500 mils. In addition, the 
temperature in the process chamber 30 kept at about 480°C. 
[0355] After the pressurized atmosphere is formed, the flow rates of the oxygen 
gas (about 9,500 $ccm), the nitrogen gas (about 3,000 seem), and the helium gas 
(about 4,000 seem) are maintained and provided into the process chamber 30, 
and then the pumping process is paused to stabilize the processing pressure 
atmosphere. This= stabilizing step is controlled for a period of time, not to exceed 
15 seconds. If the formation of the stabilized atmosphere progresses beyond 
fifteen seconds, it :is judged as a process error. The distance between the stage 
200 on which the $ubstrate 20 is positioned and the plate 230 is decreased to 
about 220 mils, while the temperature in the process chamber 30 is maintained at 
about 480°C. 

[0360] After the steps of forming the gaseous atmosphere, forming the 
pressurized atmosphere, and stabilization are completed, the step of forming the 
BPSG insulating l$yer can commence. 

[0365] During the step of forming the BPSG insulating layer, the flow rates of the 
oxygen gas (about 9,500 seem), the nitrogen gas (about 3,000 seem), and the 
helium gas (about'4,000 seem) are maintained and provided into the process 
chamber 30. In addition, tetraorthosilicate (TEOS) having a flow rate of about 800 
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seem, triethylborate (TEB) having a flow rate of about 170 seem, and 
triethylphosphate !(TEPO) having a flow rate of about 55 seem, are provided into 
the process chamber 30. In other words, the ratio of the oxygen gas flow rate, the 
nitrogen gas flow rate, the helium gas flow rate, the TEOS flow rate, the TEB flow 
5 rate, and the TEPO flow rate is about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25 : 
0.040 - 0.045 : 0.Q13 - 0.014, with the helium gas flow rate being preferably 4,000 
seem. 

[0370] As a result, a BPSG layer is formed as a fluidal insulating layer 22 on the 
substrate 20 in process chamber 30. At this time, the formation of the BPSG 

10 layer is controlled for a period of time, not to exceed 1 5 seconds. If the formation 
of the BPSG layei" progresses beyond fifteen seconds, it is judged as a process 
error. The distanae between the stage 200 on which the substrate 20 is 
positioned and the plate 230 is kept to about 220 mils, and the temperature in the 
process chamber 30 is maintained at about 480°C. Further, the process is 

is controlled to form the BPSG layer 22 to a thickness of about 8,000 to about 
10.000A. 

[0375] Here, when forming the BPSG layer, preferably tetraorthosilicate (TEOS) 
is utilized as a silicon source material and triethylborate (TEB) may be utilized as 
a boron source material. TEOS and TEB can be mixed without producing any by- 
20 products and the fixture is heat stable, making TEB a good boron source 
material. Alternatively, a mixture of triethylborate (TEB) and trimethylborate 
(TMB) can be used as a boron source material. The nitrogen gas is used as the 
carrier gas for the iboron source material, as well as to control the concentration of 
the boron source rtnaterial. 

17 
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[0380] TEOS is the preferred silicon source for the formation of a fluidal 
insulating layer formed by a chemical vapor deposition method. TEOS generates 
less particles thaasilane and is more advantageous in handling characteristics. 
[0385] Triethylphosphate (TEPO) may be utilized as a phosphorus source 

5 material when forming the BPSG layer, and is a preferred source of phosphorous 
as compared to phosphine (PH 3 ). Alternatively, a mixture of triethylphosphate 
(TEPO) and trimethylphosphate (TMPO) can also be used as a phosphorus 
source material. The helium gas is used as the carrier gas for the phosphorus 
source material, a? well as to control the concentration of the phosphorus source 

10 material. 

[0390] Note that ifi each of the steps, the oxygen gas has the highest flow rate, 
and the helium gafc has a higher flow rate than the nitrogen gas. 

[0395] The BPSG layer, including about 5.5% by weight of boron and about 3.0% 

r 

by weight of phosphorus, can be formed by controlling the flow rates of the TEB 
is as the boron source, and the TEPO as the phosphorus source. 

[0400] The reproducibility of the manufacturing process of the BPSG layer as the 
fluidal insulating laiyer 22 can be sufficiently established by controlling the flow 
rate of the carrier $as, the nitrogen gas and the helium gas. That is, when 
manufacturing the BPSG layer by utilizing a plurality of like apparatuses having 
20 the same element?, the BPSG layer having substantially the same characteristics 
can be obtained. 

The fluidal insulating layer 22 (as shown in FIG. 2C), is reflowed at a high 
temperature while supplying an oxygen gas and a hydrogen gas to planarize the 
surface of the fluidal insulating layer to form the planarized BPSG layer 22a. 

18 
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Accordingly, the reproducibility of the BPSG layer as the fluidal insulating layer 22 
can be sufficiently established by implementing the above-described process. 

i 

[0405] FIGS. 6A through 6D are cross-sectional views for explaining a method of 
manufacturing an; insulating layer according to a second embodiment of the 
5 present invention. FIG. 7 is a graph classifying the processing gases and 
materials provided for the manufacture of the insulating layer according to the 
second embodiment of the present invention. For the manufacture of the 
insulating layer according to the second embodiment, an apparatus having the 
same elements a$ illustrated in FIGS. 3 and 4 is utilized. 
10 [0410] Referring to FIG. 6A, the substrate 60 is positioned in the process 
chamber 30. Thein, an oxygen gas having a flow rate of about 4,500 seem, a 
nitrogen gas having a flow rate of about 3,000 seem and a helium gas having a 

i 

flow rate of abouti4,000 seem are provided into the process chamber 30, to create 
or form a gaseou$ atmosphere in the process chamber 30. In other words, a ratio 
15 of the oxygen gasi flow rate, the nitrogen gas flow rate and the helium gas flow 
rate is about 1.00;- 2.50 .: 0.70 - 0.95 : 1, with the helium gas flow rate being 
preferably 4,000 sjecm. 

[0415] This step pf forming the gaseous atmosphere is controlled for a period of 
time not exceeding five seconds. If the formation of the gaseous atmosphere 
20 progresses for five seconds or more, it is judged as a process error. The distance 
between the stage 200 on which the substrate 20 is positioned and the plate 230 
is kept to about 500 mils (1 mil = 25\xm) during this process. 
[0420] After formi|ng the gaseous atmosphere, the flow rate of the oxygen gas is 
increased to about 9,500 seem, while the flow rates of the nitrogen gas (about 
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3.Q0O seem) and the helium gas (about 4,000 seem) remain the same, and all are 
provided into the process chamber 30. In other words, a ratio of the oxygen gas 
flow rate, the nitrogen gas flow rate and the helium gas flow rate is about 2.00 - 
2.50 : 0.70 - 0.95 ; 1, with the helium gas flow rate being preferably 4,000 seem. 

5 [0425] A processing pressure atmosphere is then formed in the process chamber 
30 by utilizing a pimping apparatus (not shown) connected with the process 
chamber 30. This; step of forming the pressurized atmosphere in the process 
chamber 30 is controlled for a period of time at a predetermined pressure. The 
maximum control time is sixty seconds and the minimum pressure is 160Torr. If 

10 the formation of thje pressurized atmosphere in the process chamber 30 

progresses beyonpl 60 seconds or dips below 160Torr, it is judged as a process 
error. The distanqe between the stage 200 on which the substrate 20 is 
positioned and tho plate 230 is kept to about 500 mils. In addition, the 
temperature in the process chamber 30 kept at about 480°C. 

is [0430] After the plressurized atmosphere is formed, the flow rates of the oxygen 
gas (about 9,500 $ccm), the nitrogen gas (about 3,000 seem), and the helium gas 
(about 4,000 seem) are maintained and provided into the process chamber 30, 
and then the pumping process is paused to stabilize the processing pressure 
atmosphere. This| stabilizing step is controlled for a period of time, not to exceed 

20 1 5 seconds. If th$ formation of the stabilized atmosphere progresses beyond 
fifteen seconds, it lis judged as a process error. The distance between the stage 
200 on which the $ubstrate 20 is positioned and the plate 230 is decreased to 
about 220 mils, wlfiite the temperature in the process chamber 30 is maintained at 
about 480°C. 
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[0435] Referring t£ FIG. 6B, after the steps of forming the gaseous atmosphere, 
forming the presstjrized atmosphere, and stabilization are completed, a lower 
fluidal insulating lajyer 64 is formed on the substrate 60. The lower fluidal 
insulating layer 64 is not doped and is formed in the apparatus of FIGS. 3 and 4 
5 as follows. 

[0440] The oxygeh gas having a flow rate of about 9,500 seem, the nitrogen gas 
having a flow rate pf about 3,000 seem and the helium gas having a flow rate of 
about 4,000 seem are provided into the process chamber 30. In addition, 
tetraorthosilicate (TEOS) having a flow rate of about 800 seem is provided into the 
10 process chamber 30 as a silicon source, and the undoped lower fluidal insulating 
layer 64 is formed bn the substrate 60. In other words, the ratio of the oxygen 
gas flow rate, the mitrogen gas flow rate, the helium gas flow rate, and the TEOS 
flow rate, is about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25, with the helium gas 
flow rate being preferably 4,000 seem. 
15 [0445] This step 0f forming the undoped lower fluidal insulating layer 64 is 
controlled for a period of time not exceeding three seconds, and if the step 
progresses for thr$e seconds or more, it is judged as a process error. The 
distance between jthe stage 200 on which the substrate 60 is positioned and the 
plate 230 is kept to about 220 mils. In addition, the temperature in the process 
20 chamber 30 is maintained at about 480°C. Further, the process is controlled to 
form the lower fluidal insulating layer 64 to a thickness of about 30 to about 50A. 
[0450] Referring tjo FIG. 6C, an upper fluidal insulating 62 is formed on the 
undoped lower fluidal insulating layer 64, To form the upper fluidal insulating 62, 
the flow rates of the oxygen gas (about 9,500 seem), the nitrogen gas (about 
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,3,000 seem), and the helium gas (about 4,000 seem) are maintained and provided 
into the process chamber 30. In addition, tetraorthosilicate (TEOS) having a flow 
rate of about 800! seem, triethylborate (TEB) having a flow rate of about 170 seem, 
and triethylphosphate (TEPO) having a flow rate of about 55 seem, are provided 
5 into the process 4hamber 30. In other words, the ratio of the oxygen gas flow 
rate, the nitrogen Igas flow rate, the helium gas flow rate, the TEOS flow rate, the 
TEB flow rate, and the TEPO flow rate is about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 
0.25 : 0.040 - 0.045 : 0.013 - 0.014, with the helium gas flow rate being preferably 
4,000 seem. 

10 [0455] As a result, a BPSG layer is formed as an upper fluidal insulating layer 62 
on the undoped lower fluidal insulating layer 64. At this time, the formation of the 
upper fluidal insulating 62 is controlled for a period of time, not to exceed 1 5 
seconds. If the fqrmation of the upper fluidal insulating 62 progresses beyond 
fifteen seconds, it; is judged as a process error. The distance between the stage 

15 200 on which the jsubstrate 60 is positioned and the plate 230 is kept to about 220 
mils, and the temperature in the process chamber 30 is maintained at about 
480°C. Further, the process is controlled to form the upper fluidal insulating 62 to 
a thickness of abdut 8,000 to about 1 0.000A. 

[0460] Here, the functions and reactions of the oxygen gas, nitrogen gas, helium 
20 gas, tetraorthosilicate (TEOS), triethylborate (TEB), and triethylphosphate (TEPO) 
are substantially the same as described in the first embodiment. In addition, the 
alternative substitjjents for triethylborate and triethylphosphate, namely TMB and 
TMPO, respectively, also are the same. Note that in each of the steps, the 
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oxygen gas has tfie highest flow rate, and the helium gas has a higher flow rate 
than the nitrogen igas. 

[0465] In this second embodiment, the undoped lower fluidal insulating layer 64 
functions as a buffer and minimizes any changes to the characteristics of the 
5 BPSG layer. 

[0470] The BPSG layer (upper fluidal insulating layer 62), including about 5.5% 
by weight of boron and about 3.0% by weight of phosphorus, can be formed by 
controlling the flow rates of triethylborate (TEB) which is supplied as the boron 
source, and triethjylphosphate (TEPO) which is supplied as the phosphorus 

10 source. The reproducibility of the manufacturing process of the BPSG layer as the 
fluidal insulating l&yer 62 can be sufficiently established by controlling the flow 
rate of the carrierigas, the nitrogen gas and the helium gas. Accordingly, when 
manufacturing the upper fluidal insulating layer 62 by utilizing a number of like 
apparatuses havifig the same elements, the upper fluidal insulating layer 62 

15 having substantially the same characteristics can be obtained. 

[0475] Referring [to FIG. 6D, the upper fluidal insulating layer 62 is reflowed at a 
high temperature while supplying an oxygen gas and a hydrogen gas to planarize 
the surface and form the planarized BPSG layer 62a. At this time, when 
manufacturing th0 upper fluidal insulating layer 62 by utilizing a plurality of like 

20 apparatuses having the same elements, the upper fluidal insulating layer 62 
having substantially the same characteristic change after implementing the 
reflowing process; can be obtained. Accordingly, the reproducibility of the BPSG 
layer as the fluida|l insulating layer 62 can be sufficiently established by 
implementing the iabove-described process. 
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[0480] FIGS. 8A through 8D are cross-sectional views for explaining a method of 
manufacturing an ^insulating layer according to a third embodiment of the present 
invention. 

[0485] In FIG. 8A, a substrate 80 made of silicon material is provided. In FIG. 

5 8B, an etch stop l$yer 84 is formed on the substrate 80. The etch stop layer 84 
prevents the substrate 80 from damage caused by subsequent etching 
processes. In addition, the etch stop layer 84 also prevents an oxidation of the 
exposed substrate during subsequent patterning processes. It also prevents the 
penetration of moisture generated through a fluidal insulating layer and into the 

10 substrate. The moisture is generated when reflowing the fluidal insulating layer. 
The etch stop lay^r 84 is formed to a thickness of about 60-1 50A and is generally 
made of silicon nitride formed by a chemical vapor deposition method. 
[0490] Referring to FIG. 8C, a BPSG layer is formed as a fluidal insulating layer 
82 on the etch stop layer 84. The process of forming the BPSG layer will be 

15 described in detail below, and is similar to that described for the fluidal insulating 
layer 22 of the firsjt embodiment. 

[0495] First, the gubstrate 80 on which the etch stop layer 84 is formed, is 
positioned in the process chamber 30. Then, an oxygen gas having a flow rate of 
about 4,500 seem; a nitrogen gas having a flow rate of about 3,000 seem and a 
20 helium gas having a flow rate of about 4,000 seem are provided into the process 
chamber 30, to create or form a gaseous atmosphere in the process chamber 30. 
In other words, a natio of the oxygen gas flow rate, the nitrogen gas flow rate and 
the helium gas floyv rate is about 1.00 - 2.50 : 0.70 - 0.95 : 1 , with the helium gas 
flow rate being preferably 4,000 seem. 
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[0500] The distance between the stage 200 on which the substrate 80 is 
positioned and th0 plate 230 is kept to about 500 mils (1 mil = 25 fim) during this 
process. The fonfiation of the gaseous atmosphere is a first step toward ensuring 
the uniformity of tfie fluidal insulating layer 82 to be formed on the etch stop layer 
5 84. 

[0505] This step of forming the gaseous atmosphere is controlled for a period of 
time not exceeding five seconds. If the formation of the gaseous atmosphere 
progresses for five seconds or more, it is judged as a process error. 
[0510] After forming the gaseous atmosphere, the flow rate of the oxygen gas is 
10 increased to about 9,500 seem, while the flow rates of the nitrogen gas (about 
3,000 seem) and 1jhe helium gas (about 4,000 seem) remain the same, and all are 
provided into the process chamber 30. In other words, a ratio of the oxygen gas 
flow rate, the nitrcjgen gas flow rate and the helium gas flow rate is about 2.00 - 
2.50 : 0.70 - 0.95 : 1 , with the helium gas flow rate being preferably 4,000 seem, 
is [0515] A processing pressure atmosphere is then formed in the process chamber 
30 by utilizing a pimping apparatus (not shown) connected with the process 
chamber 30. This step of forming the pressurized atmosphere in the process 
chamber 30 is controlled for a period of time at a predetermined pressure. The 
maximum control time is sixty seconds and the minimum pressure is 160Torr. If 
20 the formation of the pressurized atmosphere in the process chamber 30 

progresses beyonld 60 seconds or dips below 160Torr, it is judged as a process 
error. The distance between the stage 200 on which the substrate 80 is 
positioned and th^ plate 230 is kept to about 500 mils. In addition, the 
temperature in th$ process chamber 30 kept at about 480°C. 
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[0520} After the ; pressurized atmosphere is formed, the flow rates of the oxygen 
gas (about 9.50Q seem), the nitrogen gas (about 3,000 seem), and the helium gas 
(about 4,000 scc(n) are maintained and provided into the process chamber 30, 
and then the pumping process is paused to stabilize the processing pressure 
5 atmosphere. This stabilizing step is controlled for a period of time, not to exceed 
15 seconds. If the formation of the stabilized atmosphere progresses beyond 
fifteen seconds, if is judged as a process error. The distance between the stage 
200 on which the substrate 80 is positioned and the plate 230 is decreased to 
about 220 mils, while the temperature in the process chamber 30 is maintained at 
10 about 480°C. 

[0525] After the $teps of forming the gaseous atmosphere, forming the 
pressurized atmosphere, and stabilization are completed, the step of forming the 
fluidal insulating layer 82 can commence. 

[0530] During the step of forming the fluidal insulating layer, the flow rates of the 
15 oxygen gas (about 9,500 seem), the nitrogen gas (about 3,000 seem), and the 
helium gas (about 4,000 seem) are maintained and provided into the process 
chamber 30. In addition, tetraorthosilicate (TEOS) having a flow rate of about 800 
seem, triethylborajte (TEB) having a flow rate of about 170 seem, and 
triethylphosphate i(TEPO) having a flow rate of about 55 seem, are provided into 
20 the process chamber 30. In other words, the ratio of the oxygen gas flow rate, the 
nitrogen gas flow rate, the helium gas flow rate, the TEOS flow rate, the TEB flow 
rate, and the TEPD flow rate is about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25 : 
0.040 - 0.045 : 0.Q13 - 0.014, with the helium gas flow rate being preferably 4,000 
seem. 
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[0535] As a result, a BPSG layer is formed as a fluidal insulating layer 82 on the 
etch stop layer 84 in process chamber 30. At this time, the formation of the fluidal 
insulating layer 8^ is controlled for a period of time, not to exceed 15 seconds. If 
the formation of the fluidal insulating layer 82 progresses beyond fifteen seconds, 
5 it is judged as a process error. The distance between the stage 200 on which the 
substrate 80 is positioned and the plate 230 is kept to about 220 mils, and the 
temperature in th£ process chamber 30 is maintained at about 480°C. Further, 
the process is controlled to form the fluidal insulating layer 82 to a thickness of 
about 8,000 to about 10,000A. 
10 [0540] The classification of the gases and materials provided during the 
formation of the insulating layer 82 according to the third embodiment, has 
substantially the game attributes as in the first embodiment. Here, the functions 
and reactions of the oxygen gas, nitrogen gas, helium gas, tetraorthosilicate 
(TEOS), triethylborate (TEB), and triethy I phosphate (TEPO) are substantially the 
15 same as described in the first embodiment. In addition, the alternative 

substituents for trijethylborate and triethylphosphate, namely TMB and TMPO, 
respectively, also ,are the same. Note that in each of the steps, the oxygen gas 
has the highest flow rate, and the helium gas has a higher flow rate than the 
nitrogen gas. 

20 [0545] The fluida) insulating layer 82, including about 5.5% by weight of boron 
and about 3.0% by weight of phosphorus, can be formed by controlling the flow 
rates of triethylborate which is supplied as the boron source, and 
triethylphosphate Which is supplied as the phosphorus source. The reproducibility 
of the manufacturing process of the BPSG layer as the fluidal insulating layer 82 
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can be sufficiently established by controlling the flow rate of the carrier gas, the 
nitrogen gas and Ijhe helium gas. That is, when manufacturing the BPSG layer by 
utilizing a numberlof like apparatuses having the same elements, a BPSG layer 
having substantially the same characteristics can be obtained. 

5 [0550] Referring to FIG. 8D, the fluidal insulating layer is reflowed at a high 

temperature while] supplying an oxygen gas and a hydrogen gas to planarize the 
surface to form a |}>lanarized BPSG layer 82a. Accordingly, when manufacturing 
the BPSG layer With a number of like apparatuses having the same elements, a 
BPSG layer having substantially the same characteristic change after the 

10 reflowing process 'can be obtained. Accordingly, the reproducibility of the BPSG 
layer as the fluidalj insulating layer 82 can be sufficiently established by 
implementing the kbove-described process. 

[0555] FIGS. 9 arjid 10 are graphs illustrating the decrease in the thickness of the 
etch stop layer witfi reference to various flow rates of a carrier gas after 
is implementing the feflowing process according to the third embodiment of the 
present invention. 

[0560] The graph; in FIG. 9 was obtained by determining the decrease in the 
thickness of the et|ch stop layer when changing the flow rate of the helium gas as 
a carrier gas for controlling the concentration of phosphorus, while at the same 
20 time providing the nitrogen gas at a flow rate of 2,000 seem as a carrier gas for 
controlling the concentration of boron. The decrease in the thickness of the etch 
stop layer was detiermined by measuring the thickness of the etch stop layer 
before and after implementing the reflowing of the BPSG layer, and the difference 
between the two measurements is shown in FIG. 9. The BPSG layer was formed 
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by implementing the same process described in the third embodiment by utilizing 
two discrete, but equivalent, apparatus having the same elements. 
[0565] In FIG. 9,the graph denoted by the symbol corresponds to the case 
when forming the'BPSG layer utilizing apparatus #1, and a graph denoted by 

5 symbol corresponds to the case when forming the BPSG layer by utilizing 
apparatus #2. With reference to FIG. 9, by varying the flow rate of the helium gas 
as a carrier gas for controlling the concentration of phosphorus, while at the same 
time providing the nitrogen gas at a flow rate of 2,000 seem as a carrier gas for 
controlling the concentration of boron, it can be seen that the decrease in the 

10 thickness of the etch stop layer deviates according to the particular apparatus 
utilized, which is an undesirable result. 

[0570] The graph In FIG. 10 was obtained by determining the decrease in the 
thickness of the etch stop layer while changing the flow rate of the helium gas as 
a carrier gas for controlling the concentration of phosphorus, while at the same 

15 time providing the! nitrogen gas at a flow rate of 3,000 seem as a carrier gas for 
controlling the concentration of boron. The decrease in the thickness of the etch 
stop layer was determined, as before, by measuring the thickness of the etch stop 
layer before and after implementing the reflowing of the BPSG layer, and the 
difference betweeln the two measurements is shown in FIG. 10. The BPSG layer 

20 was formed by implementing the same process described in the third embodiment 
by utilizing two discrete, but equivalent, apparatus having the same elements. 
[0575] In FIG. 10), the graph denoted by the symbol "n" corresponds to the case 
when forming the BPSG layer utilizing apparatus #1, and a graph denoted by 
symbol corresponds to the case when forming the BPSG layer by utilizing 
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apparatus #2. Witjh reference to FIGrlO, by varying the flow rate of the helium 
gas as a carrier g^s for controlling the concentration of phosphorus, while at the 
same time providing the nitrogen gas at a flow rate of 3,000 seem as a carrier gas 
for controlling the concentration of boron, it can be seen that the decrease in the 
5 thickness of the etbh stop layer still deviates according to the particular apparatus 
utilized, except when the flow rate of the helium gas is about 4,000 seem, where 
no deviation in the thickness of the etch stop layer was observed. Note also, that 
when the flow rate of the helium gas is 2,000 seem, there is just a slight decrease 
in the thickness of the etch stop layer. 
10 [0580] As confirmed in FIG. 10, the BPSG layers having substantially the same 
characteristics can be attained, even when utilizing different apparatuses, so long 
as the flow rate of 'the nitrogen gas was 3,000 seem and that of the helium gas 
was either 2,000 sjccm or 4,000 seem. Accordingly, the reproducibility of the 
manufacture of th$ BPSG layer can be sufficiently established, 
is [0585] Although FrlG. 10 is directed to BPSG layers formed by the process of the 
third embodiment,! BPSG layers having substantially the same characteristics can 
be obtained when j implementing the first and the second embodiments as well, 
when the nitrogen! gas has a flow rate of 3,000 seem and the helium gas has a 
flow rate of 2,000 jsccm or 4,000 seem. Therefore, with all the above described 
20 embodiments, a fljjida! insulating layer having a sufficiently good filling effect and 
isotropic etching characteristic can be obtained. The decrease in the thickness of 
the etch stop layer underlying the fluidal insulating layer after implementing a 
reflowing process^ is within a few angstroms (A). In addition, fluidal insulating 
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layers having substantially the same characteristics can be advantageously 
formed by utilizing separate but like apparatuses having the same elements. 
[0590] FIGS. 1 1 A through 1 1 E are cross-sectional views for explaining a method 
of manufacturing ;an insulating layer according to a fourth embodiment of the 
present invention. 

[0595] Referringito FIG. 1 1A, a substrate 110 made of silicon material is 
provided. An etch stop layer 1 1 3 is formed on the substrate 1 1 0 in FIG. 1 1 B. 
The etch stop layer 113 is formed to a thickness of about 60-1 50A and is 
generally made of silicon nitride formed by a chemical vapor deposition method. 
[0600] The manufacturing process of the insulating layer according to the fourth 
embodiment is implemented by utilizing an apparatus having the same elements 
as illustrated in FIGS. 3 and 4. Referring to FIG. 1 1C, the substrate 1 10 on which 
the etch stop layeir 1 13 is formed, is positioned in the process chamber 30. Then, 
an oxygen gas having a flow rate of about 4,500 seem, a nitrogen gas having a 
flow rate of about,3,000 seem and a helium gas having a flow rate of about 4,000 
seem are provided into the process chamber 30, to thereby form a gaseous 
atmosphere in the process chamber 30. In other words, a ratio of the oxygen gas 
flow rate, the nitrojgen gas flow rate and the helium gas flow rate is about 1.00 - 
2.50 : 0.70 - 0.95 ; 1, with the helium gas flow rate being preferably 4,000 seem. 
[0605] This step bf forming the gaseous atmosphere is controlled for a period of 
time not exceeding five seconds. If the formation of the gaseous atmosphere 
progresses for fiv$ seconds or more, it is judged as a process error. The distance 
between the stag$ 200 on which the substrate 20 is positioned and the plate 230 
is kept to about 500 mils (1 mil = 25 jim) during this process. 
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[0610} After forming the gaseous atmosphere, the flow rate of the oxygen gas is 
increased to about 9,500 seem, while the flow rates of the nitrogen gas (about 

i 

3,000 seem) andithe helium gas (about 4,000 seem) remain the same, and all are 
provided into the;process chamber 30. In other words, a ratio of the oxygen gas 
5 flow rate, the nitrogen gas flow rate and the helium gas flow rate is about 2.00 - 
2.50 : 0.70 - 0.95,: 1, with the helium gas flow rate being preferably 4,000 seem. 
[0615] A processing pressure atmosphere is then formed in the process chamber 
30 by utilizing a pumping apparatus (not shown) connected with the process 
chamber 30. Thi£ step of forming the pressurized atmosphere in the process 

10 chamber 30 is controlled for a period of time at a predetermined pressure. The 
maximum controlltime is sixty seconds and the minimum pressure is 160Torr. If 
the formation of the pressurized atmosphere in the process chamber 30 
progresses beyond 60 seconds or dips below 160Torr, it is judged as a process 
error. The distance between the stage 200 on which the substrate 20 is 

15 positioned and the plate 230 is kept to about 500 mils. In addition, the 
temperature in the process chamber 30 kept at about 480°C. 
[0620] After the pressurized atmosphere is formed, the flow rates of the oxygen 
gas (about 9,500 seem), the nitrogen gas (about 3,000 seem), and the helium gas 
(about 4,000 sccrti) are maintained and provided into the process chamber 30, 

20 and then the pumping process is paused to stabilize the processing pressure 
atmosphere. This stabilizing step is controlled for a period of time, not to exceed 
1 5 seconds. If the formation of the stabilized atmosphere progresses beyond 
fifteen seconds, it; is judged as a process error. The distance between the stage 
200 on which the substrate 20 is positioned and the plate 230 is decreased to 
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about 220 mils, while the temperature in the process chamber 30 is maintained at 
about 480°C. 

[0625] After the steps of forming the gaseous atmosphere, forming the 
pressurized atmosphere, and stabilization are completed, a fluidal insulating layer 
5 1 1 5 is formed on Ithe etch stop layer 1 1 3. The fluidal insulating layer 1 1 5 is not 
doped and is fornhed in the apparatus of FIGS. 3 and 4 as follows. 
[0630] The oxygen gas having a flow rate of about 9,500 seem, the nitrogen gas 
having a flow rate of about 3,000 seem and the helium gas having a flow rate of 
about 4,000 seem are provided into the process chamber 30. In addition, 

10 tetraorthosilicate (TEOS) having a flow rate of about 800 seem is provided into the 
process chamben30 as a silicon source, and the undoped fluidal insulating layer 
1 1 5 is formed on the etch stop layer 113. In other words, the ratio of the oxygen 
gas flow rate, theinitrogen gas flow rate, the helium gas flow rate, and the TEOS 
flow rate, is about; 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25, with the helium gas 

15 flow rate being preferably 4,000 seem. 

[0635] This step of forming the undoped fluidal insulating layer 115 is controlled, 
for a period of time not exceeding three seconds, and if the step progresses for 
three seconds or more, it is judged as a process error. The distance between the 
stage 200 on whitjh the substrate 1 10 is positioned and the plate 230 is kept to 

20 about 220 mils. Irii addition, the temperature in the process chamber 30 is 
maintained at about 480°C. Further, the process is controlled to form the 
undoped fluidal insulating layer 115 to a thickness of about 30 to about 50A. 
[0640] Referring to FIG. 1 1D, a BPSG layer 112 is formed on the undoped fluidal 
insulating layer 1 16 in accordance with the following process. During the step of 
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forming the BPS£ layer 1 12, the flow rates of the oxygen gas (about 9,500 seem), 
the nitrogen gas ;(about 3,000 seem), and the helium gas (about 4,000 seem) are 
maintained and provided into the process chamber 30. In addition, 
tetraorthosilicate;(TEOS) having a flow rate of about 800 seem, triethylborate 
(TEB) having a flpw rate of about 170 seem, and triethylphosphate (TEPO) having 
a flow rate of abqut 55 seem, are provided into the process chamber 30. In other 
words, the ratio of the oxygen gas flow rate, the nitrogen gas flow rate, the helium 
gas flow rate, the TEOS flow rate, the TEB flow rate, and the TEPO flow rate is 
about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25 : 0.040 - 0.045 : 0.013 - 0.014, with 
the helium gas flow rate being preferably 4,000 seem. 

[0645] As a result, a BPSG layer 1 12 is formed on the undoped fluidal insulating 
layer 1 1 5 in process chamber 30. At this time, the formation of the BPSG layer 
1 12 is controlled for a period of time, not to exceed 15 seconds. If the formation 
of the BPSG layer 112 progresses beyond fifteen seconds, it is judged as a 
process error. The distance between the stage 200 on which the substrate 110 is 
positioned and the plate 230 is kept to about 220 mils, and the temperature in the 

s 

process chamber 30 is maintained at about 480°C. Further, the process is 
controlled to form'the BPSG layer 1 12 to a thickness of about 8,000 to about 
10.000A. 

[0650] The classification of the gases and materials provided during the 
formation of the BjPSG layer 112 according to the fourth embodiment, has 
substantially the s|ame constitution as in the first embodiment. Here, the functions 
and reactions of the oxygen gas, nitrogen gas, helium gas, tetraorthosilicate 
(TEOS), triethylborate (TEB), and triethylphosphate (TEPO) are substantially the 
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same as described in the first embodiment. In addition, the alternative 
substituents for tjiethylborate and triethylphosphate, namely TMB and TMPO, 
respectively, also are the same. Note that in each of the steps, the oxygen gas 
has the highest flow rate, and the helium gas has a higher flow rate than the 
nitrogen gas. 

[0655] Referring to FIG. 11E, the BPSG layer 112 is reflowed at a high 
temperature while supplying an oxygen gas and a hydrogen gas to planarize the 
surface to form a.planarized BPSG layer 112a. Accordingly, when manufacturing 
the BPSG layer with a number of separate but like apparatuses having the same 
elements, a BPSG layer having substantially the same characteristic change after 
the reflowing process can be obtained. Accordingly, the reproducibility of the 
BPSG layer can be sufficiently established by implementing the above-described 
process. 

[0670] The insulating layers manufactured by the above-described embodiments 
can be applied to; a semiconductor device having a design rule of 0.15 |am or less. 
That is, the BPSG layer can be applied as the fluidal insulating layer for the 
manufacture of a self-aligned contact hole, or the manufacture of an intermediate 
dielectric such asian inter metal dielectric (IMD) or an inter layer dielectric (ILD), 
and the like. 

[0675] FIGS. 12A through 12E are cross-sectional views for explaining a method 
of manufacturing a semiconductor device according to a fifth embodiment of the 
present invention. 

[0680] Referring £o FIG. 12A, gate electrodes 124 are formed on a substrate 120 
on which a sourcq and drain 122 are formed. The source and drain 122 is formed 
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by doping an impurity into the substrate 120, and the gate electrode 124 is formed 
by sequentially fdrming a polysilicon layer and a tungsten silicide layer and 
implementing conventional photolithography processes. 

[0685] Referringito FIG. 12B, an etch stop layer 126 composed of silicon nitride 
5 is formed on the Substrate 120 and the gate electrode 124. The etch stop layer 
126 is formed to $ thickness of about 60-1 50A by means of a chemical vapor 
deposition method. The silicon nitride layer prevents damage to the substrate 
120 that could have been caused by subsequent etching processes, as well as 
preventing oxidation of the substrate 120 due to exposure of the substrate 120. 
10 Moreover, the etch stop layer 126 prevents moisture from penetrating to the 
substrate 120 during a reflowing process. 

[0690] Referring to FIG. 12C, a BPSG layer 128 is formed on the etch stop layer 
126 as a fluidal insulating layer. At this time, the BPSG layer 128 is formed so as 
to include about 5.5% by weight of boron and about 3.0% by weight of 

15 phosphorus. The thickness of the BPSG layer 128 is about 9,500A. 

[0695] The manufacturing process of the BPSG layer 128 as the fluidal insulating 
layer will be described in detail below. The fluidal insulating layer is formed by an 
apparatus having the same elements as illustrated in FIGS. 3 and 4. 
[0700] First, the Substrate 120 on which the etch stop layer 126 is formed, is 

20 positioned in the process chamber 30. Then, an oxygen gas having a flow rate of 
about 4,500 sccmi, a nitrogen gas having a flow rate of about 3,000 seem and a 
helium gas having a flow rate of about 4,000 seem are provided into the process 
chamber 30, to create or form a gaseous atmosphere in the process chamber 30. 
In other words, a ratio of the oxygen gas flow rate, the nitrogen gas flow rate and 
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.the helium gas flpw rate is about 1.00 - 2.50 : 0.70 - 0.95 : 1 , with the helium gas 
flow rate being preferably 4,000 seem. 

[0705] The distance between the stage 200 on which the substrate 120 is 
positioned and the plate 230 is kept to about 500 mils (1 mil = 25 urn) during this 
process. The formation of the gaseous atmosphere is a first step toward ensuring 
the uniformity of the fluidal insulating layer to be formed on the etch stop layer 
126. 

[0710] This step of forming the gaseous atmosphere is controlled for a period of 
time not exceeding five seconds. If the formation of the gaseous atmosphere 
progresses for five seconds or more, it is judged as a process error. 
[0715] After forming the gaseous atmosphere, the flow rate of the' oxygen gas is 
increased to about 9,500 seem, while the flow rates of the nitrogen gas (about 
3,000 seem) and the helium gas (about 4,000 seem) remain the same, and all are 
provided into the process chamber 30. In other words, a ratio of the oxygen gas 
flow rate, the nitrogen gas flow rate and the helium gas flow rate is about 2.00 - 
2.50 : 0.70 - 0.95 : 1 , with the helium gas flow rate being preferably 4,000 seem. 
[0720] A processing pressure atmosphere is then formed in the process chamber 
30 by utilizing a ppmping apparatus (not shown) connected with the process 
chamber 30. This! step of forming the pressurized atmosphere in the process 
chamber 30 is controlled for a period of time at a predetermined pressure. The 
maximum control time is sixty seconds and the minimum pressure is 160Torr. If 
the formation of the pressurized atmosphere in the process chamber 30 
progresses beyond 60 seconds or dips below 160Torr, it is judged as a process 
error. The distance between the stage 200 on which the substrate 120 is 
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positioned and the plate 230 is kept to about 500 mils. In addition, the 
temperature in the process chamber 30 kept at about 480°C. 
[0725] After the pressurized atmosphere is formed, the flow rates of the oxygen 
gas (about 9,500 seem), the nitrogen gas (about 3,000 seem), and the helium gas 
(about 4,000 seem) are maintained and provided into the process chamber 30, 
and then the pumping process is paused to stabilize the processing pressure 
atmosphere. This stabilizing step is controlled for a period of time, not to exceed 
15 seconds. If the formation of the stabilized atmosphere progresses beyond 
fifteen seconds, it is judged as a process error. The distance between the stage 
200 on which the' substrate 120 is positioned and the plate 230 is decreased to 
about 220 mils, While the temperature in the process chamber 30 is maintained at 
about 480°C. 

[0730] After the steps of forming the gaseous atmosphere, forming the 
pressurized atmosphere, and stabilization are completed, the step of forming the 
fluidal insulating layer can commence. 

[0735] During thf step of forming the fluidal insulating layer, the flow rates of the 
oxygen gas (about 9,500 seem), the nitrogen gas (about 3,000 seem), and the 
helium gas (about 4,000 seem) are maintained and provided into the process 
chamber 30. In addition, tetraorthosilicate (TEOS) having a flow rate of about 800 
seem, triethylborate (TEB) having a flow rate of about 170 seem, and 
triethylphosphate (TEPO) having a flow rate of about 55 seem, are provided into 
the process chamber 30. In other words, the ratio of the oxygen gas flow rate, the 
nitrogen gas flow rate, the helium gas flow rate, the TEOS flow rate, the TEB flow 
rate, and the TEPO flow rate is about 2.00 - 2.50 : 0.70 - 0.95 : 1 : 0.15 - 0.25 : 
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0.040 - 0.045 : 0.013 - 0.014, with the helium gas flow rate being preferably 4,000 
seem. 

[0740] As a result, a BPSG layer 128 is formed as a fluidal insulating layer on the 
etch stop layer 126 in process chamber 30. At this time, the formation of the 
5 BPSG layer 128 is controlled for a period of time, not to exceed 1 5 seconds. If 
the formation of the BPSG layer 128 progresses beyond fifteen seconds, it is 
judged as a process error. The distance between the stage 200 on which the 
substrate 120 is positioned and the plate 230 is kept to about 220 mils, and the 
temperature in the process chamber 30 is maintained at about 480°C. Further, 
10 the process is controlled to form the BPSG layer 128 to a thickness of about 
9.500A. 

[0745] The classification of the gases and materials provided during the 
formation of the BiPSG layer 128 according to this embodiment, has substantially 
the same constitution as in the first embodiment. Here, the functions and 

15 reactions of the oxygen gas, nitrogen gas, helium gas, tetraorthosilicate (TEOS), 
triethylborate (TEB), and triethylphosphate (TEPO) are substantially the same as 
described in the first embodiment. In addition, the alternative substituents for 
triethylborate anditriethylphosphate, namely TMB and TMPO, respectively, also 
are the same. Ndte that in each of the steps, the oxygen gas has the highest flow 

20 rate, and the heliijm gas has a higher flow rate than the nitrogen gas. 

[0750] The BPS<$ layer 128, including about 5.5% by weight of boron and about 
3.0% by weight ot phosphorus, can be formed by controlling the flow rates of 
triethylborate which is supplied as the boron source, and triethylphosphate which 
is supplied as the phosphorus source. The reproducibility of the manufacturing 
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process of the BPSG layer 128 can be sufficiently established by controlling the 
flow rate of the carrier gas, the nitrogen gas and the helium gas. That is, when 
manufacturing the BPSG layer by utilizing a number of apparatuses having the 
same elements, a BPSG layer having substantially the same characteristics can 
be obtained. 

[0755] Referring: to FIG. 12D, the BPSG layer 128 is reflowed at a temperature of 
about 850°C, while supplying an oxygen gas and a hydrogen gas. Then, the 
surface of the BPSG layer 128 is planarized to form planarized BPSG layer 128a. 
and the BPSG sufficiently flows into the recessed portions formed between the 
gate electrodes 124. This effect is obtained because the BPSG layer comprises 
5.5% by weight of boron and 3.0% by weight of phosphorus. Accordingly, a 
sufficient filling effect can be accomplished and any appreciable decrease in the 
thickness of an underlying etch stop layer 126 is prevented. 
[0760] In addition, as described above, preferably the BPSG layer 128 is 
manufactured by utilizing about 3,000 seem of the nitrogen gas and about 4,000 
seem of the helium gas as the carrier gases. Accordingly, when manufacturing 
the BPSG layer 128 by utilizing a number of discrete apparatuses having the 
same elements, substantially the same processing characteristic can be obtained, 
thereby ensuring the reproducibility and stability of the BPSG layer 128. 
[0765] Referring ito FIG. 12E, by implementing a self-aligned contact process, a 
pattern 132 having a hole 130 is formed. The hole 130 is formed by conventional 
photolithography and the etching techniques performed on the BPSG layer 128, 
utilizing an etching gas including CFx (wherein C is carbon, F is fluorine and x is a 
positive number). The etching is carried out by utilizing an etching selectivity of 
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the BPSG layer 128 and the underlying etch stop layer 126. Since almost no 
change in thickness is observed on the etch stop layer 126, the etch stop function 
can be advantageously implemented. In addition, because of the etch stop layer 
126, a sufficient shoulder margin can be attained during the implementation of the 
self-aligned contact process. Accordingly, when a subsequent process is 
implemented by (utilizing a metal layer for filling the hole 130 for example, the hole 
130 can be sufficiently filled with the metal layer. 

[0770] As described above, since recently formed semiconductor devices include 
minute elevated and recessed portions formed by the gate electrodes 124, it is 
not an easy task to satisfactorily fill the insulating layer between the recessed 
portions formed between the gate electrodes 124. Accordingly, a fluidal insulating 
layer having a sufficient fluidity is utilized to fill the recessed portions between the 
gate electrodes. The elevated and recessed portions are not limited to those 
formed between the gate electrodes 1 24 but includes any portions formed by 
patterns including windows. 

[0775] FIG. 13 is a cross-sectional view for explaining a semiconductor device 
manufactured by a sixth embodiment of the present invention. In this 
embodiment, an additional step of forming an undoped fluidal insulating layer is 
performed after the formation of the etch stop layer. In this case, the undoped 
fluidal insulating Ifcyer is formed on the etch stop layer, and a BPSG layer is 
formed on the undoped fluidal insulating layer. 

[0780] More specifically, referring to FIG. 13, an etch stop layer 126 is formed 
and a process atmosphere is formed. Then, an undoped fluidal insulating layer 
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127 is formed and a BPSG layer into which phosphorus and boron are doped, is 
formed. 

[0785] The undoped fluidal insulating layer 127 is formed by the following 
process. After forming the process atmosphere, the oxygen gas having a flow rate 
of about 9,500 scfcm, the nitrogen gas having a flow rate of about 3,000 seem and 
the helium gas having a flow rate of about 4,000 seem are provided into the 
process chamber 30. In addition, tetraorthosilicate (TEOS) having a flow rate of 
about 800 seem i)s provided into the process chamber 30 as a silicon source, and 
the undoped fluidal insulating layer 127 is formed on the etch stop layer 126. In 
other words, the ratio of the oxygen gas flow rate, the nitrogen gas flow rate, the 
helium gas flow rate, and the TEOS flow rate, is about 2.00 - 2.50 : 0.70 - 0.95 : 
1 : 0.15 - 0.25, with the helium gas flow rate being preferably 4,000 seem. 
[0790] This step of forming the undoped fluidal insulating layer 127 is controlled 
for a period of time not exceeding three seconds, and if the step progresses for 
three seconds or more, it is judged as a process error. The distance between the 
stage 200 on which the substrate 120 is positioned and the plate 230 is kept to 
about 220 mils. In addition, the temperature in the process chamber 30 is 
maintained at about 480°C. Further, the process is controlled to form the 
undoped fluidal insulating layer 127 to a thickness of about 30 to about 50A. The 
undoped fluidal ihsulating layer 127 functions as a buffer as described previously. 
[0795] As described above, any layer characteristic changes due to the reflowing 
process can be minimized by forming an insulating layer having sufficient fluidity 
by controlling the [amount of boron and phosphorus included therein. Moreover, 
the decrease in the thickness of an underlying etch stop layer, caused by the 
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reflowiftg process of the fluidal insulating layer, can be minimized, and a sufficient 
filling effect and isotropic effect can be attained via the same process. In addition, 
process reproducibility across like apparatuses can be sufficiently established by 
controlling the flov)/ rate of carrier gasses during the formation of the fluidal 
insulating layer. Accordingly, the fluidal insulating layers having substantially the 
same characteristic change can be manufactured, regardless of the discrete 
apparatus that is uised. 

[0800] Therefore, in accordance with the present invention, the characteristic 
change due to the reflowing process is minimized and the reproducibility of the 
fluidal insulating layer across like apparatuses is established, leading to improved 
semiconductor device performance. Further, since the fluidal insulating layer is 
formed through a process without first forming a seed layer, the manufacturing 
process is simplified, thereby improving production efficiency. 
[0805] While the present invention is described in detail referring to the above 
embodiments, varjous modifications, alternate constructions and equivalents may 
be employed without departing from the true spirit and scope of the present 
invention as defined in the appended claims. 
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